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t— © Nitrogen oxides are removed from an oxygen rich exhaust gas containing nitrogen oxides and hydrocarbons 
^ by bringing the oxygen rich exhaust gas into contact with a catalyst composed of phosphorus and at least one 
q active metal contained in a zeolite having a molar ratio of Si02/AI 2 0 3 of at least 15. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a process for catalytically removing nitrogen oxides from an oxygen 
rich exhaust gas containing nitrogen oxides and hydrocarbons, exhausted from, for example, boilers 
automobile engines. More specifically, it relates to a process for removing nitrogen oxides using a catalyst 
extremely superior in activity and durability. 

The term "oxygen rich exhaust gas" used herein is intended to mean an exhaust gas containing oxygen 
in an amount exceeding the amount of oxygen necessary for completely oxidizing reducing agent such as 
carbon monoxide, hydrocarbons contained in the exhaust gas. Specific examples of such an exhaust gas 
include exhaust gases discharged, for example, from internal combustion engines of automobiles operating 
at a high air/fuel ratio (i.e., in the lean burn region). 

2. Description of the Related Art 

The processes for removing nitrogen oxides from an exhaust gas discharged from boilers, automobile 
engines, and the like, which are in actual use are the process of selective catalytic reduction using ammonia 
in the presence of a catalyst or the process of non-selective catalytic reduction which passes the exhaust 
gas through a catalyst and reduces it by the unburnt carbon monoxide and hydrocarbons. 

Japanese Unexamined Patent Publication (Kokai) No. 60-125250 proposes a copper-ion-exchanged 
zeolite as a catalyst for the catalytical direct decomposition of nitrogen oxides in the absence of a reducina 
agent. a 

For purifying the exhaust gas of diesel engines or lean burn engines designed for reduced fuel 
consumption, further, there has been proposed a catalyst which includes a base (or non-noble) metal in the 
zeolite etc. as a catalyst capable of selectively reducing the nitrogen oxides by a reducing agent of the 
unburnt carbon monoxide, hydrocarbons, etc. even in an oxygen rich atmosphere (Japanese Unexamined 
Patent Publication (Kokai) No. 63-100919). 

These proposed catalysts, however, suffer from problems, in particular their durability, at a high 
temperatures, and therefore, are not yet suitable for practical use. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide a process for efficiently purifying an exhaust gas. in 
particular an oxygen rich exhaust gas discharged from an internal combustion engine of, for example an 
automobile, without using a reducing agent such as ammonia and for purifying an exhaust gas using a 
catalyst superior in durability at a high temperature in the presence of steam. 

The present inventors engaged in intensive studies on the above problem and. as a result, found that 
by using a catalyst obtained by introducing phosphorus and one or more active metals to a zeolite it is 
possible to efficiently purify an exhaust gas even after use at a high temperature and thus completed the 
present invention. 

That is, in accordance with the present invention there is provided a process for removing nitrogen 
oxides from an oxygen rich exhaust gas containing nitrogen oxides and hydrocarbons, comprising bringing 
the oxygen rich exhaust gas into contact with a catalyst composed of phosphorus and at least one active 
metal contained in a zeolite having a molar ratio of Si0 2 /Al 2 0 3 of at least 15. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention will be explained in more detail below. 

JJf catalyst used in the present invention is a catalyst composed of a zeolite having a molar ratio of 
the Si0 2 /Al 2 0 3 of at least 15 in which phosphorus and at least one active metal are contained. 

The molar ratio of the Si02/AI 2 0 3 of the zeolite usable in the present invention should be at least 15 
There is no upper limit on the molar ratio of the Si0 2 /Al 2 0 3 . If the molar ratio of the Si0 2 /Al 2 0 3 is less than 
15. a sufficient durability cannot be obtained. The preferable molar ratio is 15 to 200. 

The type of the zeolite is also not particularly limited. For example, use may be made of mordenite 
fernente. zeolite-*, 2SM-5. ZSM-8. ZSM-11. ZSM-12, ZSM-20. ZSM-35. or other zeolites. Among these! 

is preferably used. The processes for producing these zeolites are also not limited. Further, they 
may also be dealuminated zeolites such as zeolite Y and zeolite L. 
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The zeolite usable is one as synthesized or after calcination. It is also possible to use the zeolite ion- 
exchanged with a proton or ammonium ion by treating the ions of, for example, sodium in the zeolite by an 
ammonium salt or mineral acid etc. Further, use may be made of one ion exchanged with, for example, 
potassium, cesium, barium. 

5 The method of incorporation of the phosphorus into the zeolite catalyst is not particularly limited, but it 

is possible to introduce it by a impregnation method using a conventional aqueous solution or organic 
solvent. Further, it may be introduced by a physical mixing method in which a phosphorus compound is 
physically mixed with a zeolite in the solid state or in the solution. Also, it is possible to treat the zeolite 
using a gas containing a phosphorus compound to introduce the same to the zeolite. Furthermore, when 

70 copper phosphate or silver phosphate is introduced into a zeolite, a conventional precipitation method may 
be preferably used. That is, an aqueous solution of a copper salt (for example, copper acetate, copper 
nitrate, copper sulfate, copper chloride, or other soluble copper salts) or an aqueous solution of a silver salt 
(for example, silver acetate, silver nitrate, silver sulfate, or other soluble silver salts) and an aqueous solution 
of a phosphoric acid (for example, orthophosphoric acid, pyrophosphoric acid, or metaphosphoric acid) or 

75 an aqueous solution of a phosphate (for example, ammonium dihydrogen phosphate, diammonium hy- 
drogen phosphate, dipotassium hydrogen phosphate) are mixed in the presence of the zeolite to thereby 
precipitate the copper phosphate or silver phosphate. 

The type of the phosphorus compounds usable for incorporating the phosphorus into the zeolite is not 
particularly limited, but as the phosphorus compounds, phosphoric acids or phosphates are preferably used. 

20 As the phosphoric acids, orthophosphoric acid, pyrophosphoric acid, and metaphosphoric acid are prefer- 
able. As the phosphates, triammonium phosphate, diammonium hydrogen phosphate, and ammonium 
dihydrogen phosphate are preferable or dipotassium hydrogen phosphate, calcium pyrophosphate, calcium 
phosphate, calcium hydrogen phosphate, barium phosphate, and other phosphates including alkali metals or 
alkaline earth metals as salts are preferable. Similarly, copper phosphate and silver phosphate are also 

25 preferable. In addition, use may also be made of trimethylphosphine, triphenylphosphine, and other 
phosphoalkyl compounds, trimethyl phosphite and other phosphite esters, and phosphorus pentachloride 
and other phosphorus halides. 

The content of the phosphorus in the zeolite catalyst is not particularly limited, but it is preferable when 
the phosphorus atom is present in an amount of 0.01 to 10 times higher than the aluminum atom in the 

30 zeolite, more preferably 0.10 to 1 time. To stabilize the phosphorus in the catalyst, the phosphorus- 
containing catalyst may be heat treated at a temperature of 100'C to 900 # C. preferably 300 'C to 800 *C. 
The atmosphere of the heat treatment is not limited, but mention may be made of an atmosphere of 
vacuum, air, or steam. 

To the phosphorus-containing zeolite, one or more active metals are introduced. As the active metal, 
as any metal which is ordinarily used for the purification of an exhaust gas may be used, for example, metals 
Group lb such as, copper, silver, gold, metals of Group VIII such as, iron, cobalt, nickel, ruthenium, rhodium, 
palladium, platinum, metals of Group Via such as, chromium, molybdenum, or metals of Group Vila such 
as, manganese may be used. Particularly copper or cobalt are preferable. 

The method of introduction of the active metal into the zeolite catalyst is not particularly limited. Use 
40 may be made of techniques such as impregnation, or ion exchange. When the active metal is present at an 
ion exchange site of the zeolite catalyst, it has high durability, and therefore, it is preferable to introduce the 
active metal into the zeolite by an ion-exchange method. 

The ion exchange may be carried out by mixing the phosphorus-containing zeolite into an aqueous 
solution containing salts of the active metal, followed by stirring and washing. 
45 As the salts of the active metal, use may suitably be made of salts of the active metals, such as 
chlorides, nitrates, sulfates, acetates. Further, use may suitably be used of, for example, ammine complex 
salts of active metals. 

In the ion exchange process, the amount of addition of the active metals, the concentration of the active 
metals and the ion-exchange temperature and time. etc. at the time of ion exchange are not particularly 

so limited. The conventional methods may be used. The amount of addition of the active metal is preferably 
0.5 to 20 times higher than the aluminum atom in the zeolite so as to give sufficient activity and durability. 
Further, the concentration of the slurry for ion exchange is preferably 5% to 50% by weight, as usual. The 
ion exchange temperature and time are preferably from room temperature to 100*C and 5 minutes to three 
days so as to give sufficient activity and durability. Further, the ion exchange operation may be repeatedly 

55 performed, if necessary. 

As mentioned above, the exhaust gas purification catalyst used in the present invention can be 
prepared. 
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zeolite or the phosphorus-containing zeolite into a specific form and then to introduce the phwtomsZ 

ST T % the T . AS bindSr US3ble Whe " m °' din 9 Zeolite - there ar ° kaolin. ^X^SSZi 
zeol "J T 3 ?' SePi0lite ' 3nd ° th8r C ' ay minera,S - Alternatively, it is possible to use aZdeTess 

,o adS t 1 k S ° btamed by d,reCt,y svnthesi ™9 *° rno'ded article without use of a S2rT 

catalyst used in the present 

but .^sr^^sr^^, -1 *• r ovai of the nitrosen ° xides are not particu,ar * ^ 

veioclt y of 100 to 500.000 hr and a temperature of 200 • C to 800 • C are preferable. 

EXAMPLES 

20 

The present invention will now be explained in further detail using Examoles These F« m m 0 c 
however, do not restrict the present invention in any way. tuples. These Examples. 

Example 1 

25 

fed wah7n?alo U P s e r^'' 0 " Tf ^ & "* V °' Ume ° f 2 " terS Under an state was continuously 

ted with an aqueous sod.um silicate solution (Si0 2 ; 250 g/liter. Na 2 0; 82 g/liter Al 2 0 3 - 2 8 o/literi and an 

^ztzvt* r lution (A,2 ° 3; 88 9/iiter - H2so * : 370 « ^f^L a ^ r \ 

3Q respecfcve.y. The reacfon temperature was 30 • C to 32 - C and the P H of the discharged slurry was 6 7 to 

washed S waT t?oLTn?h U 0 b rn eCted * ^ SSparated S0,id matte ' -as fully 

Oys^bT^^otVTn^T 00 "^ COmp0und of a 9 ranular - amorphous aluminosilicate having 
H,n A ? r NajO. 0.77% by we.ght of Al 2 0 3 . 36.1% by weight of S.O.. and 62.5% by weioht of 

dried to obtain £ >1%L l s °" d -"qu'd separation, then the resultant product was washed with water and 
feHnvvf . the 2SM-5 type zeohte. The chemical analysis thereof showed that the composition was as 
follows expressed by the molar ratio of the oxides on an anhydrous basis- composition was as 

13Na 2 0, Al 2 0 3 , 41Si0 2 

40 of NHiC? T^m °! Z9 ° ,ite ° btained abOVS WaS 3dded t0 100 cc of an «W« solution containing 2g 
«a^ to suited to ' 

zeolite ' ^ Ca ' Cmed Und6r *" 3ir Stfeam at 550 * C for 5 h °" s to obtain a phosphorus-confaining 

acetlte^nd^TTn f ntain ' n9 2e °' ite W3S add ° d l ° 41 cc of an aaueous Nation of 0.1 mol/liter of copper 
20 htur the TwasheV to " ? ^ ^ *™ ™ * a ™ m tempetu e'fo 

so repeated twice then the ^1 h 3 ^r^' 0 " 3 ' ° U ° Peration - This °t>°<*™ -as 

thLof showed that the rZ \ *"* * PrePaf ° * hlu ™ oi « c «°"* catalyst 1. Chemical analysis 
anhydrous bas's: c ° m P° s "«°" ™ as follows, expressed by the molar ratio of the oxides on an 

1.05CuO. 0.41P 2 Os. Al 2 0 3 , 41Si0 2 
ss Example 2 

ins J^/T Pr ° Ceduro of Exam P ,e 1 was ^peated to prepare a blue-violet colored catalyst 2 exceot that 
-nstead of the aqueous soiution of the 1.2% by weight of diammonium hydrogen phosZe use was made 
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of 33 cc of an aqueous solution of 1 .9% by weight orthophosphoric acid. Chemical analysis thereof showed 
that the composition was as follows, expressed by the molar ratio of the oxides on an anhydrous basis: 
0.88CuO, 0.39P 2 O5 f AI2O3. 41Si0 2 

s Example 3 

A 10g amount of the ammonium ion exchanged zeolite prepared in the same way as in Example 1 was 
added to 41 cc of an aqueous solution of 0.1 mol/iiter copper acetate and adjusted to a pH of 10.5 by 
adding ammonia water, then was stirred at room temperature for 20 hours, then washed, to subject to a 
io conventional Cu ion exchange operation. This operation was repeated twice, then the product was dried to 
prepare a Cu ion exchanged zeolite. 

A 10g amount of the resultant Cu ion exchanged zeolite was immersed in 70 cc of an aqueous solution 
of 1.2% by weight diammonium hydrogen phosphate, then was dried. Next/this was calcined under an air 
stream at 550 *C for 5 hours to obtain a blue-violet colored catalyst 3. Chemical analysis thereof showed 
75 that the composition was as follows, expressed by the molar ratio of the oxides on an anhydrous basis: 

1.01CuO, 0.46P 2 Os. AI2O3. 41Si0 2 

Example 4 

20 The same procedure of Example 1 was repeated to prepare the catalyst 4, except that Co ion exchange 
was performed, instead of Cu ion exchange. The Co ion exchange was carried out as follows: 

The phosphorus-containing zeolite was added to 99 cc of an aqueous solution of 0.22 mol/liter cobalt 
(I!) acetate, stirred at 60 *C for 20 hours, then washed, to subject to a conventional Co ion exchange 
operation. This operation was repeated twice, then the product was dried to prepare a pink colored catalyst 

25 4. 

The catalyst 4, as a result of chemical analysis, had the following composition, expressed by the molar 
ratio of the oxides on an anhydrous basis: 
1.43CoO t 0.23P 2 Os. AI2O3. 41Si0 2 

30 Example 5 

The same procedure of Example 1 was repeated to obtain a blue-violet colored catalyst 5, except that 
the calcining at 550 • C was not carried out after the phosphorus was introduced. Chemical analysis thereof 
showed that the composition was as follows, expressed by the molar ratio of the oxides on an anhydrous 
35 basis: 

1 .28CuO, 0.02P 2 Os . Al 2 O3 . 41 Si0 2 

Example 6 

40 The same procedure of Example 1 was repeated to prepare a blue-violet colored catalyst 6, except that, 

instead of the aqueous solution of the 1.2% by weight of diammonium hydrogen phosphate, use was made 
of an aqueous solution of 2.4% by weight of diammonium hydrogen phosphate. Chemical analysis thereof 
showed that the composition was as follows, expressed by the molar ratio of the oxides on an anhydrous 
basis: 

45 0.74CuO, 1 .20P 2 Os , Al 2 0 3 , 41 S1O2 

Example 7 

The same procedure of Example 1 was repeated, to prepare the blue-violet colored catalyst 7, except 
so that K ion exchange was performed, instead of the ammonium ion exchange. The K ion exchange was 
carried out by adding 10g of ZSM-5 type zeolite to 100 cc of an aqueous solution containing 2.8g of KCI, 
stirring at 60 *C for 20 hours, then washing, repeating this operation twice, then drying. Chemical analysis 
thereof showed the composition was as follows expressed by the molar ratio of the oxides on an anhydrous 
basis: 

55 1.20CuO. 0.79P 2 Os. O.IOK2O. AI2O3, 41Si02 
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Example 8 

hhVJ CC am ° Unt ° f a " ao - ueous solution of 1-5% by weight of ammonium dihydrogen phosphate was 
added dropw.se to 143 cc of an aqueous solution of 1.2% by weight of calcium i^'pS*!^ 

addeS^T d ^ h T P • 0 w ndS ■ The ": 109 ° f amm ° niUm i0n 6XChan9ed 290,ite ° btained in ^mX Twa^ 
added and the m.xture was stirred at 60 -C for 2 hours, then washed and dried. Next this was calcined 

under an air stream at 500 -C for 5 hours to obtain a phosphorus-containing zeolt." Th s phosphorus 

obslTd 9 26 S ^ meaSUred ^ ^ dif,raCti0n ' 38 3 r6SUlt ° f Which Pyrophosphate was 

mJZZ P hosphorus - containin 9 ze °lite thus obtained was added to 41 cc of an aqueous solution of 0 1 

ZTiZe ZTL^ ^ 3 PH ° f 10 5 by addin9 amm ° nia Water - then was birred at room 

temperature for 20 hours, then washed, to subject to a conventional Cu ion exchange operation This 

Tem cal^ ^T* ^ driad to pr6pare a b,ue " violet colored cata" y s^8 

S T^Z?™ that the composition was as fo,,ows - expressed by the — — * -5 

1 .02CuO. 1 .46CaO. 0.72P 2 Os . Al 2 0 3 . 41 SiO z 
Example 9 

An aqueous solution obtained by adjusting 71 cc of an aqueous solution of 3 1% by weic-ht of 
ammon.um d.hydrogen phosphate to a pH of 10.5 by adding ammonia water was added dr^se To 143 cc 

Then XSV ° n ° f 34% bV WSi9ht ° f Ca ' CiUm aC9tate t0 precipitate the P*»Ph«S. compounds 
60 • C for 2 hours TT T ^ 1 W3S added and the mixture -as stirred at 

to obtLin a nh T W3Shed 3nd d " ed - N9Xt> m * Was ca,cined under an ai ' ^eam at 800 • C for 5 hours 
SffSSS, phospn i oru < s -conta, n ,ng zeolite. This phosphorus-containing zeolite was measured by X-ray 
diffraction, as a result of which /9-calcium phosphate was observed V 

acetIte S ani 0 a d P ^l U H7 0nta M in ^ f^"? ^ 3dd8d t0 41 CC ° f 3 " aqUSOUS solution of 01 ™™ter copper 
hou f then washed t° ! S* °, , " * amm ° nia W- » r ' then W3S Stirred at room temperature for 20 

*Te then Z ♦ ^ / COnventional Cu ion exc ^nge operation. This operation was repeated 

showed that the composition was as follows, expressed by the molar ratio of the oxides on an anhydrous 

0.67CuO. 6.84CaO. 2.42P 2 Os. Al 2 0 3 . 41Si0 2 
Example 10 

immersed TTon^f phos P h °™-containing zeolite prepared by the same method as in Example 1 was 
cTp e r o n he zln T Tt °Z °' ° ° 35 ™ mer ° f C ° Pper acetate and the " dried to .oad 

calcined under 1 T ° 9 8XCh3n96 ° f C ° Pper Next " the resu,tant solid product was 

anL^sis the d eo f ,h ??TL* 6 °°' C ** ^ to Pr8par8 * e 9ray colored cata,vs t 10. Chemical 
an? n hy d rourbasfs composition was as follows, expressed by the mo.ar ratio of the oxides on 

1.03CuO. 0.90P 2 Os. AI 2 Oa. 41Si0 2 
Example 1 1 

The durability was evaluated using the catalysts 1 to 10 obtained in Examples 1 to 10 
bach catalyst was press-molded and then pulverized to regulate the size of granules to 12 to 20 mesh 
T *" P3Ck8d ,n 3 " atmosph -' fixed bed reaction tX .' 

20 000*7 Eft r 9 6XhaUSt 938 ° f 3 l63n bum e " 9ine Was passed at a space velocity o 
at ^ 50 • C f^ 30 ' , ™V re T f ° r 6ndUranCe 3t 800 ' C ,or 5 hours ' and the ' ea « e '. pre-treZing 
mJc S !u ° m,nUt9Sl then the steady-state purification activities at different temperatures were 

zee.* Tar* purification activity was expressed by - nox — ion ™- s 

The results are shown in Table 2. 
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Table 1 



Gas Composition 


Gas 


Composition 


CO 


0.12 vol% 


Ca Hg 


0.08 vol% 


NO 


0.12 vol% 


Oa 


4 vol% 


CO2 


12 vol% 


H 2 0 


10 vol% 


N 2 . 


balance 



75 

Table 2 



NO and C3H6 Conversion (%) at Various Temperatures 


After Endurance Treatment 


Catalyst No. 


300 -C 


400 *C 


500 *C 


NO 


C3H6 


NO 


C3 H& 


NO 


C3 He 


Catalyst 1 


4 


5 


17 


62 


26 


95 


Catalyst 2 


3 


5 


15 


61 


24 


95 


Catalyst 3 


3 


7 


14 


61 


24 


95 


Catalyst 4 


2 


5 


13 


21 


21 


52 


Catalyst 5 


2 


10 


10 


60 


22 


94 


Catalyst 6 


2 


3 


11 


45 


20 


89 


Catalyst 7 


3 


0 


16 


23 


25 


70 


Catalyst 8 


0 


9 


12 


63 


18 


96 


Catalyst 9 


0 


1 


8 


31 


18 


86 


Catalyst 10 


2 


12 


9 


63 


19 


96 



Example 12 

A 10g amount of the ammonium ion exchanged zeolite prepared by the same method as in Example 1 
40 was added to 142 cc of an aqueous solution of 0.034 mol/liter of copper acetate and then stirred. Then, 71 
cc of an aqueous solution of 0.092 mol/liter of ammonium dihydrogen phosphate was added dropwise to 
precipitate the copper phosphate, then the resultant was stirred at 60 *C for 2 hours, then washed and 
dried. Next, the solid product was calcined under an air stream at 500 " C for 5 hours to prepare the copper 
phosphate-containing zeolite. 
45 This copper phosphate-containing zeolite was added to 41 cc of an aqueous solution of 0.1 mol/liter 
copper acetate and was stirred at 50 • C for 20 hours, then washed, to subject to a conventional Cu ion 
exchange operation. This operation was repeated four times, then the product was dried to prepare the 
catalyst 11. Chemical analysis thereof showed that the composition was as follows, expressed by the molar 
ratio of the oxides on an anhydrous basts: 
so 2.39CuO. 0.28P 2 Os . Al 2 0 3 . 41 SiCb 

Example 13 

A 10g amount of the ammonium ion exchanged zeolite obtained in Example 12 was added to 100 cc of 
55 an aqueous solution of 0.06 mol/liter of copper sulfate and then stirred. Then, 100 cc of an aqueous solution 
of 0.035 mol/liter of dipotassium hydrogen phosphate was added dropwise to precipitate the copper 
phosphate, then the resultant was washed and dried. Next, the solid product was calcined under an air 
stream at 500 • C for 5 hours to prepare the copper phosphate-containing zeolite. 
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The copper phosphate-containing zeolite obtained above was added to 41 cc of an aqueous solution of 
0.1 moUWter copper acetate and was stirred at 40 *C for 20 hours, then washed, to subject to a conventional 
Cu ion exchange operation. This operation was repeated three times, then the product was dried to prepare 
the catalyst 12. Chemical analysis thereof showed that the composition was as follows, expressed by the 
molar ratio of the oxides on an anhydrous basis: 

1.35CuO, 0.12P 2 Os, AI2O3, 41Si0 2 

Example 14 

A 10g amount of a sodium ion exchanged zeolite just after synthesis, prepared by the same method as 
in Example 1, was added to 100 cc of an aqueous solution containing 2.8g of KCI. The mixture was stirred 
at 60 • C for 20 hours, then was washed. This operation was repeated twice, then the resultant solid product 
was dried to obtain a potassium ion exchanged zeolite. Chemical analysis thereof showed that the 
composition was as follows, expressed by the molar ratio of the oxides on an anhydrous basis* 

KaO, AI2O3, 41Si0 2 

A 10g amount of the potassium ion exchanged zeolite obtained above was added to 100 cc of an 
aqueous solution of 0.06 mol/liter of copper acetate, then was stirred. To the mixture, was added dropwise 
100 cc of an aqueous solution of 0.035 mol/liter of dipotassium hydrogen phosphate to precipitate the 
copper phosphate, then the resultant was washed and dried. Next, the resultant solid product was calcined 
under an air stream at 500 • C for 5 hours to obtain a copper phosphate-containing zeolite. 

The copper phosphate-containing zeolite obtained above was added to 41 cc of an aqueous solution of 
0.1 mol/liter copper acetate, then was stirred at 40 *C for 20 hours, then washed, to subject to a 
conventional Cu ion exchange operation. This operation was repeated three times, then the product was 
dried to prepare the catalyst 13. Chemical analysis thereof showed that the composition was as follows, 
expressed by the molar ratio of the oxides on an anhydrous basis: 

1.71CuO, 0.15P 2 Os, 0.24K2O, AI2O3, 41Si02 

Example 15 

A 10g amount of the ammonium ion exchanged zeolite prepared by the same method as in Example 1 
was added to 41 cc of an aqueous solution of 0.1 mol/liter of copper acetate and adjusted to a pH of 10.5 
by adding ammonia water, then was stirred at a room temperature for 20 hours, then washed, to subject to 
a conventional Cu ion exchange operation. This operation was repeated twice, then the product was dried to 
prepare a Cu ion exchanged zeolite. 

A 10g amount of the Cu ion exchanged zeolite obtained above was mixed in a mortar, togther with 
0.23g of commercially available copper phosphate (made by Katayama Kagaku Kogyo). then the mixture 
was calcined under an air stream at 500 -C for 5 hours to obtain the catalyst 14. Chemical analysis thereof 
showed that the composition was as foilows. expressed by the molar ratio of the oxides on an anhydrous 
basis: 7 

1.49CuO. O.15P2O5, Al 2 0 3 , 41Si0 2 
Example 16 

A 10g amount of the ammonium ion exchanged zeolite prepared by the same method as in Example 1 
was added to 41 cc of an aqueous solution of 0.1 mol/liter of copper acetate and adjusted to a pH of 10.5 
by adding ammonia water, then was stirred at a room temperature for 20 hours, then washed, to subject to 
a conventional Cu ion exchanged zeolite operation. This operation was repeated twice, then the product was 
dried to prepare a conventional Cu-exchange type zeolite. 

A 10g amount of the Cu ion exchanged zeolite obtained above was added to 100 cc of an aqueous 
solution of 0.06 mol/liter of copper sulfate and then stirred. Then, 100 cc of an aqueous solution of 0 035 
mol/liter of dipotassium hydrogen phosphate was added dropwise to precipitate the copper phosphate, then 
the resultant was washed and dried. Next, the solid product was calcined under an air stream at 500 *C for 
5 hours to prepare the catalyst 15. Chemical analysis thereof showed that the composition was as follows, 
expressed by the molar ratio of the oxides on an anhydrous basis: 

2.85CuO, 0.35P 2 Os ( AI2O3, 41SiQ 2 
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Example 17 



The same procedure of Example 12 was repeated to prepare the catalyst 16, except that Co ion 
exchange was performed, instead of the Cu ion exchange in Example 12. The Co ion exchange was carried 
5 out as follows: 

The copper phosphate-containing zeolite was added to 90 cc of an aqueous solution of 0.22 mol/liter of 
cobalt (II) acetate, stirred at 60*C for 20 hours, then washed, to subject to a conventional Co ton exchange 
operation. This operation was repeated twice, then the product was dried to prepare the catalyst 16. 
Chemical analysis thereof showed the composition was as follows, expressed by the molar ratio of the 
io oxides on an anhydrous basis: 

1 .30CoO, 0.78CuO. 0.25P 2 Os , Al 2 0 3 , 41 SiOa 

Example 18 

75 The same procedures of Example 11 were repeated to evaluate the durability of the catalysts 11 to 18. 

The results are shown in Table 3. 



Table 3 



NO and CaH 6 Conversion (%) at Various Temperatures 


After Endurance Treatment 


Catalyst No. 


300 *C 


400-C 


500 'C 


NO 


C3 Hs 


NO 


C3 Hs 


NO 


C3 Hs 


Catalyst 1 1 


5 


8 


18 


74 


27 


98 


Catalyst 12 


5 


7 


19 


70 


28 


97 


Catalyst 13 


5 


11 


19 


69 


27 


97 


Catalyst 1 4 


1 


9 


10 


67 


20 


95 


Catalyst 1 5 


5 


7 


18 


70 


27 


98 


Catalyst 1 6 


3 


7 


15 


25 


23 


54 



35 Example 19 

A 10 g amount of the ammonium ion exchanged zeolite prepared in the same way as Example 1 was 
immersed in 142 cc of an aqueous solution of 0.050 mol/liter of silver acetate and then stirred. Then. 142 cc 
of an aqueous solution of 0.016 mol/liter of ammonium dihydrogen phosphate was added dropwise to 

40 precipitate the silver phosphate, then the resultant was washed and dried. Next, this was calcined under an 
air stream at 500 • C for 5 hours to obtain a silver phosphate-containing zeolite. Measurement of this silver 
phosphate-containing zeolite by X-ray diffraction showed the existance of peaks exhibiting the structure of 
silver phosphate in addition to zeolite. 

The silver phosphate-containing zeolite obtained above was added to 41 cc of an aqueous solution of 

45 0.1 mol/liter of copper acetate and adjusted to a pH of 10.5 by adding ammonia water, then was stirred at a 
room temperature for 20 hours, then washed, to subject to a conventional Cu ion exchange operation. This 
operation was repeated twice, then the product was dried to prepare the catalyst 17. Chemical analysis 
thereof showed that the composition was as follows, expressed by the molar ratio of the oxides on an 
anhydrous basis: 

50 0.92CuO t 0.53Ag 2 O. 0.1 0P 2 Os , Al 2 0 3 . 41 Si0 2 

Example 20 

The same procedure of Example 19 was repeated to prepare the catalyst 18, except that, instead of the 
55 aqueous solution of the 0.050 mol/liter of silver acetate in Example 19, use was made of an aqueous 
solution of 0.024 mol/liter of silver acetate, and that, instead of the aqueous solution of 0.016 mol/liter of 
ammonium dihydrogen phosphate, use was made of an aqueous solution of 0.0084 mol/liter of ammonium 
dihydrogen phosphate. Chemical analysis thereof showed that the composition was as follows, expressed 



9 



BP 0 603 900 A1 



70 



15 



20 



by the molar ratio of the oxides on an anhydrous basis* 
1.10CuO, 0.30Ag 2 O, 0.06P 2 Os, Al 2 0 3 , 41Si0 2 

Example 21 

The same procedure of Example 19 was repeated, to prepare the catalvst 19 «™r* ^ r* • 

1.20CuO, 0.50Ag 2 O. 0.10P 2 C>5. Al 2 0 3 . 41Si0 2 
Example 22 

^Z^ZSTiZET ' ' "™ repeaMd '° ,va " ,a,e 0,6 a " rat " , »' 01 - — *» < 7 *> «>• 

Table 4 



25 



NO and C 3 H 6 Conversion (%) at Various Temperatures 



After Endurance Treatment 



30 


Catalyst No. 


3( 


30 *C 


400 *C 


500 «C 


NO 


C3 He 


NO 


C3 He 


NO 


C 3 H 6 


Catalyst 17 
Catalyst 18 
Catalyst 19 


5 
3 
3 


8 

7 

7 


19 
17 
16 


76 
64 
21 


27 
27 
23 


97 
94 
53 



35 Comparative Example 1 



40 



45 



50 



55 



zs j?,,ricss lz> x prepare a ^ - •"*-»- 

1.03CuO. Al 2 0 3 . 41Si0 2 
Comparative Example 2 

o.a..^^°^^sriT to ,eP r tea B t a pink c °"* m 00 to zs «- s 

1.40CoO f Al 2 0 3l 41Si0 2 
Comparative Example 3 

1.01CuO, Al 2 0 3( 41Si0 2 
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Comparative Example 4 

The same procedures of Example 1 1 were repeated using the Comparative Catalysts 1 to 3 obtained in 
Comparative Examples 1 to 3 to evaluate the durability of the catalysts. The results are shown in Table 5. 

5 

Table 5 



NO and CaH 6 Conversion (%) at Various Temperatures 


After Endurance Treatment 


Catalyst No. 


300 'C 


400 *C 


500 -C 


NO 


Ca He 


NO 


Ca H6 


NO 


Ca Hg 


Comp. Catalyst 1 


1 


13 


5 


64 


16 


96 


Com p. Catalyst 2 


1 


8 


7 


23 


17 


58 


Comp. Catalyst 3 


* 0 


4 


3 


52 


1 4 


87 



As is clear from the results shown in Table 2 to Table 5, according to the present invention, it is 
20 possible to remove nitrogen oxides efficiently even after the catalyst is used at high temperatures. 

Nitrogen oxides are removed from an oxygen rich exhaust gas containing nitrogen oxides and 
hydrocarbons by bringing the oxygen rich exhaust gas into contact with a catalyst composed of phosphorus 
and at least one active metal contained in a zeolite having a molar ratio of SiOs/AfeOs of at least 15. 

25 Claims 

1. A process for removing nitrogen oxides from an oxygen rich exhaust gas containing nitrogen oxides 
and hydrocarbons comprising bringing the oxygen rich exhaust gas into contact with a catalyst 
composed of phosphorus and at least one active metal contained in a zeolite having a molar ratio of 

30 S1O2/AI2O3 of at least 15. 

2. A process for removing nitrogen oxides as claimed in claim 1 , wherein phosphonic acid or a phosphate 
is used when the phosphorus is incorporated into the zeolite. 

35 3. A process for removing nitrogen oxides as claimed in claim 2, wherein the phosphate is triammonium 
phosphate or ammonium hydrogen phosphate or ammonium dihydrogen phosphate. 

4. A process for removing nitrogen oxides as claimed in claim 2, wherein the phosphate is a phosphate 
containing an alkali metal or an alkaline earth metal. 

40 

5. A process for removing nitrogen oxides as claimed in claim 2, wherein the phosphate is copper 
phosphate or silver phosphate. 

6. A process as claimed in claims 1 to 5, wherein the active metal is at least one element selected from 
45 Group lb, Group VIII, Group Via, and Group Vila. 

7. A process as claimed in claims 1 to 5, wherein the active metal is copper or cobalt. 
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